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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an improved 
magnetic element which allows operation in 
duplicate state in a zero external magnetic field. 

SOLUTION: Magnetic elements (lOilO'^OiSO'iSO) 
comprise a plurality of thin film layers, and a 
bit-end electromagnetic anti-magnetic field offsets 
the total positive coupling of a structure to 
provide a duplicate magnetic state in the zero 
external magnetic field. A method for manufacturing 
the magnetic element (10) is provided as well. A 
plurality of thin-film layers are provided, and the 
bit-end electromagnetic anti-magnetic field of these 
thin-film layers offsets the total positive coupling 
to provide the duplicate magnetic state in the zero 
external magnetic field. 
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34002361 ?|ffl01J 



[#§ffS#oSSffi] 

[8B*«1] «®Oj5IBS®^b^«^u^^h (1 
0. 1 0* . 50. 50* , 80) ffeot« \fy\>m 

u »r *sv vc - mmum*'®* r ±: sr^m £ -tsa^ 

-f-5 PPiD»^^?SET^*iV ^-C»ig«^fSi 
**itfcff3i (t.) ^-t-5@«5S«tt{^@ (2 8) 
MZt (t«) &*-r5l£3Stt3fflatt4#JS (2 4) 

K&ei-3*S-&*IHJg (2 6) 2:A>&jtt«JBi«IB (1 
4) ; +&tmto&ft<» : fr&T\zto\*xmkt>*&&\z® 

2@I (1 8) ; MB* 1 ©H<75@£3fcBtti#JS i: WIB 

(16) ;*3«ttr^« (1 2) "Cfoo-C, -to-ticfflria 

kZ.*>ff>mi6L (1 2) 9, MBBC5SM&MI 

1 1 a*. M^&mtim»®<ow-% 1 2 <t 9 

K 

4) H^nns(i4) : +»*aani»#«)?«£ 

tefWg (3 0) A»P>J5&-5m2®&I (1 8) ;8J8B8Bim 

twratrttai-'S^^-f-e (i6) ; *siv«« a 
2) -efecT, -tcoijcsdtag i , $2flHraj:tFnirfs 

*-*—+Jij»«#J«3ft* (12) ; *>t>fife 
10 0 0 1 ] 

l % Kfc*je-ttui. -fi«*w** j flr-r*«ft:*i'* 

[0 0 O 2] 

IftJfcOStflf] ttKtt. 1 9 9 8^8.8 3 1 aiCffi^$ 
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^''MAGNETIC RANDOM ACCESS MEMORY AND FABRICATING M 
ETHOD THEREOF' tSU #BS£ ^-BRSAKSiiSSn* 
BS-C*>«iffl*Tfjg/,fc. *H4fi*mgl#^S&0 9/141. 
6 8 eeettttffiff. 1 9 9 7^1 2fl 8 B»rffi®$ 
^'PROCESS OF PATTERNING MAGNETIC FILMS' iHU * 

»ti«*»»0 8/9'8 6. 7 6 4«-£><ftffWEi. 19 
9 9^7^19 0 K. tilEfi $ Jx'MAGNET I C ELEMENT WITH I 
MPROVED FIELD RESPONSE AND FABRICATING METHOD THER 
10 EOF'tMU *!S4:lB)-3lSAI-Slffilf$*u*IS|-Ct«ffl 

i»n»ft , xm/timmm%n 09/355. 8 6 4§« 

4Mf HUH. 46tHci 998¥6fll«B tC*lt3*i"H 
AGNETIC DEVICE HAVING MULTI-LAYER WITH INSULATING 
AND CONDUCTIVE LAYERS' iHU IS)— UOtXic 

ttaC**U«|-e i b*ffl^tt**H1M1 i *5, 7 6 8, 1 

[00031 AMftll-v JK^( h >^l£-£**l> - \s 

(pin), -*tt©«*{**©W<fc*fi<a», r^ffj **J: 
tj< r^wj 4-tn*'itiwin«m--*ifii*3J:tj»J8*ifci 

n»l£W-*l*i*aJ:i«l»*l«lfc»U*-r«*te» «>JMB 

B5#Lfc BS^tegi^ (MR : magnetoresistanc 

e ratio) i UXinb^-Ct^. 
[0 0 04] MRAM7*/<^^li % gSS^uy^K S 

40 sU xe>nt}m&*1&$iLl-Z1Zlt>^ CMOS (tS^& 
[0 0 0 5] An^T. »«3iUp«>M3:, «JSttK*» 

it^ro^ffiffil^ (surface morphology) lrioTI^@$n 
•5c ant^f^^h^^^f '±JUt 
irti, »jt«ffilc*>.5®-&. IP*». ja^5E|lA0$ixTV^ 
/iV^-g-l-^«e< t 4> 2o<offiet^figSr*-r?)i:.S^fo 
•6. dO»**U'/>'HJ:*ti'*SWF«4, 
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ftlftft (centered resistance) £#3fcit>lcli, &Vt&) 
lEIS-o- (topological positive coupl ing)*s.kO c fc' > • 
*— /Ute-S- (p i n-ho I e coup I i ng> (OtftE. SrffiiE Uft »*H 
tfftfcftv\, 

[00 0 6]^>^m ^fcjl^t*^*^ 

0>&ffij3J:Ov'#ffi<0JfcR;4K S*3iBH4Wli:, @£ 
@8P *>&3g#Jg © J; b ft, i: wP«g© 

• fc* — /vtS-o (orange peel coupl ing) i LT 

h-mM£L<fti\, f»mftfc, Ctitte*®^6BJK 
JMcaH-S«&tc*svvc. r*Sr£-f -5 

5. Jto;LT\ %W&*£?> Xls • ^ur/jatffcx. > h (s 
pin valve magnetic element) <E>jKie"Cli, ®7-3c'&l£ 
£<D«©fS^»::a*-r**l«. ftfetfl'M 

MbftttJxtfftf>ftv> 0 
10 0 0 7] 5E»C MRAM^*!) • -fc./i'W*-!' 
^«#(switching fieUO^tt, Jl^ 2«S»j)-7-fes/ 

at»j»*PPio*ixftv^»dic, 
f^Lftv\ imm-r^rt^n. -tfpauMzjab* 

T'J>ft < 1 1 2oWt!) iRJliioJ&g-efcS. 8'j<oas 
c9-feyu • y^v^ • v Mi, #3SBW4*£-&4 

ttmtf 1 gn±«>* * !) • *A^jgttBK*3l?«IMtt«lttg- 
i:iot4f5. ^©CTiaot, flUM'HttoSirift 

ynaiffbftv\ SKI-* 

[0 0 0 8] tfciiot, «Btt0^iEJt^fcft«i-*r. 

t ir «t t> % ^95m^*«^ a <ot§-g-iz - m&.%tmi*'& e> 

ho*5t, Mftfttt*lfflttM(bit end magneto 
static fringing f ield) Sf&tr9*^M ^4r*Hi _ 5jS5>K 

I 0 0 0 9 ] m&mg&tHL ftfittfttttf (surface m 
agnetic charge density) irifctf] U JgF.aflP£<D}£?!£<D 
LT£tt£*tS£:&fctiTi*&. 1 9 98*6^ 
9 BK^fF^H, "MAGNETIC TUNNEL JUNCTION DEVICE W 
ITH N0NFERR0MA6NETIC INTERFACE LAYER FOR IMPROVED 
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MAGNETIC FIELD RESPONSE" fcffl-f «*Bttlf*8-IB 5, 
7 64. 5 6 7*&H>i<&JvCv*SJ: ?\Z X EMKb^ 

*Bt>^tt£«>4BMbftSSA£*i,S. UA»bft^5f>, m 

/0 [ 0 0 1 0 J 

Bttli, PP*P»iW=»bt»!»61)ft«etJ£«*j»** 

[0 0 12] *^wSligiJOS«)li> try h4gS«^ 
20 (bit end demagnetizing field) tfffi&<o&mi&&t:te 

[0 0 13] #S§93<z>KK»]<*>Bttl*> »*»ft««« 

[0 0 14] ^^(OSElcgiJogMhi, iS^/u— h 

u ^ v h ZMtft-tZ 2f«fc£igeH-3 CI t "Cfc 5. 
JO [0015] 

[KHfirJ!rert-Sfcft«>?«t] rHt>ro£>Stt*iJ:i/-E: 

±«»«Rttl«r#*J:5liUfc. «S^u>^r-0^ 
[0 0 16] 

Sft5iaiw*SV>-C, ISI«6<03:U^^h5r8a!SiJ-r-5BSl- 
I*, IB«l«!)##«rffiv»*itti-*. H 1**0*88 2 
tt, *55Ml;:i5MTHSj5ii/y v h<o 2o<o^fiiiJ 
<offl5g«rmffiiaT'^f. Sl^#3£i-4xtf, m licit. ^ 
^Id/^-zi^^u, ^-fiKSSS^fflfit (synthetic ant 
i ferromagnetic structure) 1 1 Srestr, fiS^^il^p< > 

— y-s i 6 , &zx}-k<mM&m**v* \ s *stt. 
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i a »4. &stte#;g&#if. ts«ss 1 4 ra. mm i 

W&m 1 4 14. V - K l 3 _kKi«S$H. >- 

KS^itfr^yu- hJf (template layer) t LXWLM 
i--5«&<OTflWl2 0. E3£BH43S#*m<oJI 2 2, & 
5S#S£Ba4#S2 4, *T = >>J±<0>pmm2 6, 
T«WK5$B£te#3SttJl 2 2 ±KJgf£$ ;ft i: £&*S 
•&$ixfc@^^ttfl:Ji 2 8 Sr^tf. 
[0 0 17] T&/12 0I4. AUtofc, t^ffrto&X} 

/ut-~va da/Ru) •cj^jsg^tvs. cne>^s 

11. Ka&&JfittJB2 2 oKfaSSi (orienting base) i: 

u-c«fig-r^ 0 R&iatesgtt-Ji 2 2 14. ^ y j> 

VJ*-i-lsjS^ (I rMn) ^IViX-fyf-i- • -v^2f> 
(P tMn) *t*> 0 

[0018] &5Stt33lBH4$W§ 2 4 £*£3gtt (pinned) 

m£&£fr* S*im#J§3 0&I5HE$-£Sll*#VMNl 

fc*. &8H4#«2 4I4. AMfttld. -y^-yu (N 
>) , ft (F») , J8itf=i'</H» (Co) (DloKi 

<pfflJi2 6i4, AMffHrA- 
*r =. £ A -cff fcft. ^36#!i®tt*e 2 4 *s i 
8H±#Jg 2 8 Nh^Wfefeft&g- X b fc« 

^128 £®££fcl4&3Btti:fEi!ei-50l4. **5Sm 

[0 0 19] iW^^^lBtt^ Sfil348*f±#M 
3 0 *J 4: 3 2 &^tf. g fJ33£8£&&J§ 3 0©8 

flP*>, SB9fW5>JvC*s&i\ BttP«JM>lWrFKJ8W* 
■C2ooWMIfi AKOME-fS. g *3SB4t±flf® 3 0 
14. &SWI-. ~y*vHR (N i F e) dftT»rtt**v 

[0020] @£3fiS«4#J§ 2 8 11. J¥S 1 1 
t<?3t L"CIE<W4. til4&S2B<)l::3fcV*L 
l 0 0A«?«6fflr-3b5. ttXttMBttttM 2 414. J£S 
ttfr#i-*t«>fcL"CB«rt-fi. m?» t2i4a^i 

0 0A*jgT?*>*. tT-JB 1 6tt» ff* tsfctff 

at«>i:l/t«eitt-S. ts»4. M^** 

titeffi&gfcllfii (Cu) ^-tSrttS^bfv-^ 

£=fi-t-*raj£5*8H4<*® 2 8 fcJfcriH-S. fin*.. 1 1 > 
t>ffljg£ft3£tl4S!fl?$ia.fc p. BP*>. M&ZixZ®. 
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[0021] £T<BBH4«:®i4. SfcttE 

znmmmx-n. as&m 

t$#Jg2 8l4. MifcitfTio^ttSrWU M-ttfttfs 
iL)!T=^$-Cfc5. &4Htt88tt<&*«2 4ii. M2*3 
*t*Tt©«tt«r*U gfc&BM4W§3 0l4M3*J«kl* 
/0 Ti0>4»tt**r-t-&. 

[002 2] B&S&ttJB 2 8 * A3H»«t(He 3 

fTt £9fc:fc&b*j&SjiS;bS. mil. Ti >T2*5 J;tJ< 
^fc«Ti>Ti*3j:^Mi>M2t-t-SrilrJ:o 

trf§5w t^-ctr*. MiteiVTiPawS^^t^iiMz 
20 ««>it^^ i ei±-e*? s iBsttar > * !> • -fe^T-ii. i * 

SSBBro»»^Jfe-S-(niagnetostatlc coupling) 14. f£«± 
S^ttW-Cfot). m^^SOnagnetic flux closure) 
Sr^J*i--5. iORSiBKtte'&tt* Mi Ti«J:O t M2 Tj 

[0023)021:, ^S3*58ittSI5tl 1* Sr^tf. 

09£r*i- o mir#Ra#^-l 0' Sr«-t- 0 r«>^&t. 
30 ®2H16W<03Vd?-^>'hi:ra«©SgllllfeCT<?53V 

lffi^J-Cfc 5:t Sr^-Tfc ^ y SrftAP LT V ^ 5 r 

r.ro«ittt. SS12' . Tfiamfii#®^^f ^ i 

4' , ^"tll6' , J3«tt/-h«'J#®^^ S/^ 1 
8' tr^tf. Tffiiim^®^^^^ 1 4' *3i^±^« 
&#Jg**5'* 1 8* 14. Eliro^^y^ 1 4, 1 8t 
fSI9rn«0!>tt«ttflcJBfi:«tr. TWrnm l 4 ' 14. g 

ii2' ±»wM^$nfc^Jsy- ki 3* ±»c^$ 

^0 n. ^JS iJ - K 1 3 ' ±lrl««$3xfc|g 1 KJS 2 
1, *3«tO«7 i V7'l'- KJ12 3 S:^^1SS5c<OT{si® 2 
0' , &.&m&&<om 2 2 ' , TifiwK8*tet«g 2 2" 

/S2 4* , ^4 , naJS2 6- , *bmz.E.mu±mm 
&ttm $ nr v > 2> si^5S«att*s 2 8 ■ & ^t*. 

3£8Sttf&S2 4' .2 8' SriS5S#. fiil*>. S^tfEiE 

*vt\%' 14. g«3«M3 0' *5J:^«!SS3 
50 2' ifl35£mi*^3 0' h 
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[0024] BnesftotttflcjR 28* jss ti £W-r 
LTfe4g-t-5o &?i#3£8tt*fe&j§ 2 4' »*, m 
$T2^-fSt>wi:UTiE«t-r5. r«>»jawfc«i-c 

@;£&8^*fe^&§2 8 , i*, ^5B#st{att(*®2 

hi. fiP*», Ti>Ti-C*>3. ft, CWBS^CioTia? 
^5tfiP*,S«te«Sjgt>SiB$HS r t ttmMZtiX 5. IP 

ffi@«6P*>«?g#® Sr^tf J: b \zf&mtZ> ZL t MX- t , 

[0 0 2 5] z.<r>Wfc$mM<oW&ti.* 2m<nx.y?> 
fUx 1 0' %«jgu «kv>-c*»S^i3 2' *3«fctfg 
fiP*>, &fl£tt#/S3 0' «>TfcfcSJStt> 
:»f^^io' <F>x.yf-y#\z j; t>, 
[0026] &Kia 3 *#nRi-s & , **9!0K«7''< 

feJlVvfiqMs u> v N 5 0 S:Mtti^Ct 
\, %t , El l <r>^/<A ^lOt »$(3f RWK«>5 S ><^ * 5 0 a* 

tf>tilig»±, S«5 2, T4H«tfi#«^^y^S4. 
~- i*-g 5 6 , »J:i*.hll«t«**** y^58 Srff tr. 
TWnm&lSxfi v 9 5 4 *5 <fctf-h«!l®1£^Jf * * 
5 8 J4, EJ 1 CD* 9?9\A, 18i (5»£i^*ii<033i8£te 
#W**tf. Tlftlffi«B®5 4J*, ^tR5 2±l^fife$H 
fc&Jffi y - K 5 3 fc* !> - K 5 3 -hKUt 

a^ntiii'-Kf 6i, fc^yyw-nea 

5 4 », Sir, &3iH+&8H*Wg 6 4 fc£tF. SMNSft: 

®6 4Sr@^« bp*>, wtimttsM-rzam. %<r>m& 

■C, IalGSrl^ih$hrV'>S^b-Cfc2). -httl3S&* # ?< 
^5 8(1 g ASMtttMcJS 7 0 *5 «fc V#ffiJi 7 2 
tf. i ABSMSflcJI 7 0 ^ V h tt, 

5>i\ fc55S«JW±'7>W*^^ro^?^Tlw^oV^T2oo> 

[0027] 0 2^^Ufc^?lfe0lJt ISI^ISIHir. 
*5 014, m4\Zfr-r X 0*1*7* V V 7 4 &§tf„ 
ft, E! 4 £>3it&0!|w ^vbi:|Dfi5<^E]3 0|li£ 
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z>$mwx*b%> z. t ZTa-tittbizy-y >^ &wx\ utv> 

[00 2 8] ig4©HS50!)T*tt s t7tyh5 4ll & 
SfittJl 6 4' b 3 ASttftttttJB 7 0 * * TWS«t^Sr 
«Ti*5iil:J:oT, tt»f«MH!fettJH 6 4 ' *3«fc 

<OM^tc:«to-CiS?«?itSP*>R«KtS)tt>J®jS*n-5 i £ t± 
5. 

[0029] f¥ftB 4 Sr#RS1-5 . £ ©^J^IEftWO 
2 0<DJ.y?->'^xeSr#9. **0£, ±T<0 

X-&Wm7 2' *Sit|fi*5*«H4flcH7 0* !Sr^y^^ 
^LT*7*j/h7 45:ji$t5. IP*>, e*5SBSttft: 

[0 0 3 0] ^1-13 5 Sr#flai-5 «!: , *3gBJ»a^ u 

nfc«fv^^-> >■ h 8 o^sax-rv^a. b4(=B9ut 
mmvizmmtmm\z. z.v>mmi±. s«8 2. t<bs« 

®^3'5'^8 4, ®l^-t!8 6, ^52^^- 

?V?90 fc^tf. TMm^^JS^ * y * 8 4 *5 J;U«± 
MW&&M*9 V* 9 Ott, 01 <r>7*9 y>7 1 4, 18 

«8 2±fcJ&*3;ftfcTte£JR!J-K8 3±liJ^fiS;$ 

it, Tte^js y — k 8 3 ±iztmznizm 1 kjb 8 

1. *jJ:tJ<^-7''>'3V<75-7 i >7'u-h/l8 5-Sr^tj > , IS 
SSc^Tfi^Sr^tfo 3Elc. TfflBttJR 8 4 l±9JBttt£tt« 
9 2?r-^tf. Sfi^tt*® 9 2 Sr@?£, fiP*>, iS3R{=ttlB 

ji 8 6, fcj;i/a65sm<4#®9 4t>^tfo 

fcEHE-Ti, ±WWfcx9-y? 9 Oil, ^2®^?SSit4 
0:19 6 43 itJ^KJB 9 8 5r£tf. 5S»tt*S 9 2. 9 
61*, (end-magneto static coupling) 

Wfc^lc, ^¥n&-£(antiparallel al ignment) Sr^-f 

[003 1 ] miizTFisftnmmkmsfflmfc, 

50 -fe j/ h 1 OOSr^tfr ir^-C#i. h J 00 
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!Mtt&ttJB«>'J>& <Hl092*fett96Ha 
AMflftMMI 9 4 *-?<D&.mft&{&T$itZ> Z t \Z io 

^9 4FrgcojBS^4r#si-5 0 ft, rww^iaot 

[0 0 3 2] i<0#^HtSfiBJ<73SSjt«:. hlO 

±r<nm&*y?^<n,TJ3m. J ?sUx 8 o £«£U 

9 8 *5 itf&ffitettJI 9 6 y^if L 
y M 0 0 Sr«^i-So BP*>, &5ttf±#@ 96 /0 

|9 6iH^v\ :©f^^8 0©*yfy* r l: 
iot, ^-t!8 8 4r«!K0Sgi^SrlslS-r<5. 
[0 0 3 3] *ir|g)6 4r#fiSi-2>i:. 01©J§2 8<D«k 

•&«s# (Hopi) &±xfev Y-y&Kmmnhik&mzzt 

i-5S!)*Sr^^7 7*s$,s. 0^<DJ:p»r, |212*JJ; 
tf04l^Lfcx^*Jf<Z>2j-7-fe5> h^ii>c-t-S»r5I 
i\X. &Mft<DWL'Ptfn.bixZ 0 *7*zy h*53 0 0 0 

itaaumcn tfc^ox, j^tte^-jaist 

[0 0 3 4] 0 7 EjtJg 2 8 CD J; 5 

SUB<Z>J£$«\ Dai«5j*aMt»2 4KS#UTSI»-t-ar. JO 
i£±SJ£^m#Hepi(£f^as^$;h/0'>.5 <1 0*o 
<fc 5 fc, BUEA 2 8 <oJ9£ «ri«^cbtt«f4-JB 2 4 
*5«>*#<-*-ar.i:fcJ:9» iE^KIfH.p i 
SrHMM-5. IE***® (positive end pole)*J XX*m<D 
&lfcm&(DfflEfiK BX* W - J: 

aciaii/^ni, e*®3oirjD^x, tn&nm 

-0*5*), 128, 3 0MKg*rJUj£i-£ri:i::«fc!?, IE 40 

[0 0 3 5] HKjM£l$i'ia7&#<«H-5i, 124, 
2 8F^tcj^4Sjafii*5^fife$ixS„ 2 8 <DJ5 $ £iS 

ElJfe® 2 8 $r»3S#J§ 2 4 <); ♦) tl?<i-5^t 
KioT, SJSa^W > h 1 OrtKfcJl^T, jE^g-g-Kft 
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